INTRODUCTION {#sec1-1}
============

The operative treatment of deep carious lesions approaching the pulp and the related histopathological dentin-pulp complex changes pose a significant challenge as an increased risk of pulp exposure reduces the overall predictability and long-term success.\[[@ref1][@ref2][@ref3]\] Treatment modalities should aim to maintain pulp vitality using a minimally invasive, tooth-preserving approach. With the introduction of newer calcium silicate materials to the market, the clinical procedure has been somewhat simplified by combining its therapeutic pulp capping capabilities with its ability to be used simultaneously as a provisional bulk restorative material.\[[@ref4]\] The quality and durability of the adhesive bond between calcium silicate cement and the resin composite are of clinical significance with regard to the longevity and predictability of the final laminate restoration.

As Biodentine has a similar chemical composition to mineral trioxide aggregate (MTA), hydration of Biodentine should resemble that of MTA. Therefore, it is assumed that when Biodentine is exposed to a low pH such as that of phosphoric acid etch, this could affect the chemical setting of Biodentine by disrupting the hydration of tricalcium silicates resulting in weakening of the setting material\'s microstructure.\[[@ref5][@ref6][@ref7]\] Milder etching for a shorter period may cause a selective loss of matrix around the crystalline structures with minimal loss of cement, exposing these crystalline structures and hence encouraging successful adhesion through micromechanical retention.\[[@ref6]\]

Currently, placing the veneering restoration is a two-stage clinical procedure, completed ideally within 6 months of placing the initial calcium silicate cement bulk restoration, as per the manufacturer\'s recommendations. However, investigating the potential for bonding the veneering restoration at the same visit as placing the calcium silicate cement is worthwhile as this would be easier and less time-consuming, eliminating the need to bring the patient back for a second visit.

Thus, this study aims to compare the *in vitro* microtensile bond strengths of resin composite to different calcium silicate cements versus glass ionomer cement (GIC).

The null hypothesis is that there is no difference in the *in vitro* microtensile bond strengths of resin composite compared to different calcium silicate cements versus GIC.

MATERIALS AND METHODOLOGY {#sec1-2}
=========================

Sample preparation {#sec2-1}
------------------

In this study, two calcium silicate cements, i.e., ProRoot MTA and Biodentine, and GIC were used. The sample size was selected to be 30 (*n* = 30). These materials were mixed according to the manufacturers\' instructions, which were then packed into Teflon rings (5-mm diameter and 2-mm high) for standardization \[[Figure 1](#F1){ref-type="fig"}\].

![Sample discs were fabricated by mixing each material according to the manufacturer\'s instructions and condensing them into a standardized cylindrical plastic polymer mold](JCD-21-194-g001){#F1}

Bonding of adhesive resin {#sec2-2}
-------------------------

The adhesive resin used in the study was Te-Econom (Ivoclar) which was bonded to the sample disk using total etch technique \[[Figure 2](#F2){ref-type="fig"}\]. It was cured according to the manufacturers\' instructions.\[[@ref8]\] Then, the substrate aging was done for 1 week according to the previous studies done.\[[@ref9]\] All specimens were stored in distilled water at 37°C for 24 h before testing.

![The adhesive resin was bonded to the disks of Biodentine/MTA/GIC according to the manufacturer\'s instructions](JCD-21-194-g002){#F2}

Evaluation of micro-shear bond strength {#sec2-3}
---------------------------------------

A shear force was applied at a crosshead speed of 1.0 mm/min until debonding occurred. The micro-shear bond strength (SBS) (*t*) is calculated in MPa using the equation *t* = *F*/(*R*2), where *F* is the applied load at failure and *R* is the radius of the resin composite cylinder.

Statistical analysis {#sec2-4}
--------------------

Descriptive statistics was used to summarize the study characteristics and bond strength for various materials. Percentages were used to present the failure modes for different substrates. Linear regression models were used to test the significance of various predictors. Significance was predetermined at *P* = 0.05.

RESULTS {#sec1-3}
=======

When comparing the micro-SBS between MTA, Biodentine, and GIC, the micro-SBS was the lowest for GIC after a bond aging interval of 4 weeks \[[Table 1](#T1){ref-type="table"}\]. There was no significant difference in micro-SBS between 1- and 4-week bond aging of MTA and Biodentine group, while a significant decrease is seen in the GIC group \[[Figure 3](#F3){ref-type="fig"}\].

###### 

Mean micro-shear bond strength values after aging the substrates for 1 week and 4 weeks. Different letters within each material indicate significant difference in micro-shear bond strength values between the time intervals

![](JCD-21-194-g003)

![Graph depicting the results achieved](JCD-21-194-g004){#F3}

DISCUSSION {#sec1-4}
==========

Currently, there is limited information in the literature on the interface between Biodentine and the overlying adhesive restoration. When comparing the micro-SBS between Biodentine, MTA, and GIC, the micro-SBS was the lowest for GIC and the highest for MTA. Due to the lack of chemical union between GIC and resin composite, the measured micro-SBS of GIC would reflect the degree of micromechanical attachment.\[[@ref10]\] It is unknown whether a chemical union exists between Biodentine and the overlying resin composite restoration; however, previous research found the functional monomer 10-methacryloyloxydecyl dihydrogen phosphate (MDP), present in the adhesive used in this study, to bind to calcium in tooth structure.\[[@ref11]\] Theoretically, it could be assumed that the 10-MDP monomer may bind chemically to the calcium in Biodentine hence promoting chemical adhesion in addition to micromechanical attachment.

With regard to aging the substrate, lower micro-SBS values were found in the early compared to the delayed aging of the Biodentine and MTA group. Clinically, this finding should be viewed with caution as this would affect the decision to place the overlying resin composite restoration immediately because the curing contraction of the resin composite may stress the weak Biodentine and MTA in this early sensitive phase resulting in premature failure. Indeed, this is important clinically as these cements are placed in cavities with a higher C factor as opposed to bonding to one surface which was done in this study. This would highlight the importance of leaving Biodentine and MTA to mature for a longer period before the application of the veneering restoration.

It takes up to 2 weeks to achieve complete maturation of Biodentine and reach its maximum physicomechanical properties.\[[@ref12]\] Therefore, clinically, it would be better to leave the material to set for 2 weeks because, in addition to the reason stated previously, a follow-up appointment would be required as part of efficacious clinical practice to allow monitoring the pulp vitality/response when Biodentine is used to treat such deep carious lesions, affecting the pulp. Biodentine passes through an initial setting reaction which takes approximately 12 min following mixing the powder with the liquid where a hydrated calcium silicate gel structure is formed which has weak physicomechanical properties. The surface set is achieved at this stage. There is the continuous maturation of Biodentine where crystallization of the calcium silicate hydrate gel structure continues for up to 2 weeks. Bulk set is achieved at this stage with improved physicomechanical properties.\[[@ref12]\]

In a previous study, it was shown that the effect of the bonding technique on the reliability of the bond strength of resin composite to Biodentine, GIC, and resin-modified-GIC was not significant. In the same study, it was found that lower SBS values were found in the early compared to the delayed aging of the Biodentine group.\[[@ref9]\]

CONCLUSION {#sec1-5}
==========

When considering the effect of aging the bond on the SBS values of Biodentine and MTA, no difference between the different time intervals was found. This is a favorable result as this means the bond does not deteriorate with time up to the 1-month study test period. There was a significant difference in the GIC group, which means that the bond between GIC and the resin composite deteriorates with time.
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